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(54) AtjstractTTtie 

Multi-segment dielectric resonant antenna 

(57) A radiating antenna capable of generating or receiving radiation using a plurality of dielectric resonator 
segments disposed in a circular array is disclosed. The purpose of using multiple dielectric resonator 
segments within a single antenna system is to produce several beams each ha\rfng a "boresighr (that Is, a 
direction of maximum radiation on transmit, or a direction of maximum sensitivity on receive) in a different 
direction. Several such beams may be excited simuitaneously to form a new beam In any arbitrary direction. 
The now beam may be Incrementally or continuously steerable and may be steered through a complete 360 
degree circle. When two segments are excited simultaneously, the antenna may have a narrower main lobe 
and/or a smaller backiobe than for a single segment alone. 

When receiving radio signals, electronic processing of such multiple beams may be used to find the 
direction of those signals, thus forming the basis of a radio direction finding device. Further, by forming a 
transmitting beam or resolving a receiving beam in the direction of the incoming radio signal, a "smart" or 
'intelligent* antenna may be constructed, Beamsteering and smart antenna technology may also be used to 
steer a sharp null in a particular direction to avoid transmitting there or to avoid receiving interfering signals 
from that direction. 

The dielectric resonator segments are mounted on a ground plane, are substantially cylindrical or 
trapezoidal segments in shape, and are fed by Internal probes or externa! ground plane apertures. Segments 
are separated by metal layers. 
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At least one drawing originally filed was informal and the print reproduced here is taken from a later filed formal copy. 
The prim reflects an assignment of the application under the provisions of Section 30 of the Patema Act 1977. 
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Comparing one 45 degree segment with two 
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MULTI-SEGMENTED DIELECTRIC RESONATOR ANTENNA 

The present invention relates to dielectric resonator antennas (DRAs) composed of 
seveaiBl adjacent segments, which may be excited simultaneously to provide steerable 
5 receive and transmit beams and veiy low backlobes. 

Since the first systematic study of dielectric resonator antennas (DRAs) in 1983 
[LONG, S.A., McAllister, M.W., and SHEW, L.C.: "The Resonant Cylindrical 
Dielectric Cavity Antenna", IEEE Transactions on Antennas and Propagation, AP-31, 

10 1 983, pp 406-412J, interest has grown in their radiation patterns because of their high 
radiation ef&ciency> good match to most commonly used transmission lines and 
small physical size [MONGL^ RJL and BHARTIA, P.: "Dielectric Resonator 
Antennas - A Review and General D^gn Rdadons for Resonant Frequency and 
Bandwiddi", International Journal of Microwave and Millimetre-Wave Computer- 

1 5 Aided Engineering, 1994, 4, (3), pp 230-247]. 

The majority of configurations reported to date have used a slab of dielectric material 
mounted on a ground plane excited by either an aperture feed in the ground plane 
[rmPIBOON, A., MONGIA, RK., ANTAR, Y.MJVf., BHARTIA, P, and CUHACI, 

20 M: ''Aperture Fed Rectangular and Triangular Dielectric Resonators for use as 
Magnetic Dipole Antennas", Electronics Letters, 1993, 29, (23), pp 2001-2002] or by 
a probe inserted into the dielectric material [McALUSTER, M.W., LONG, S.A. and 
CONWAY G.L,: "Rectangular Dielectric Resonator Antmna", Electronics Letters, 
1983, 19, (6), pp 218-219]. Direct excitation by transmission lines has also been 

25 reported by some authors [KRANENBURG, R-A. and LONG, S.A.: "Microstrip 
Transmission Line Excitation of Dielectric Resonator Antennas**, Electronics Letters, 
1994, 24, (18), pp 1 156-1 157]. 

Further analysis of steerable-beam DRAs is to be found in the present applicant's co- 
30 pending US patent application serial number 09/431,548, from which the present 
application claims priority and the disclosure of which is incorporated into the 
present application by reference. 

: Two of the most conunonly described geometries are cylindrical and rectangular 
35 dielectric slabs. Several publications desoibe how diese m^ be bisected through an 
image plane by a conducting sheet [TAM, M.TJL and MURCH, R,D.: **Half volume 
dielectric resonator antenna designs". Electron Lett, 1997, 33, (23), pp. 1914-1916; 
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MONGIA, R.K.: 'Half-split dielectric resonator placed on metallic plane for antenna 
applications*. Electron. Lett, 1989, 25, (7), pp 462-464]. To the applicant's 
knowledge, only one publication describes antennas made fiom segments smaller 
than a half volume [TAM, MT.IC and Murch, R.D.: "Compact Circular Sector and 
5 Aimular Sector Dielectric Resonator Antennas*', IEEE Transactions on Antennas and 
Propagation, AP^7, 1999, pp 837-842]. 

According to the present invention, there is provided a compound dielectric resonator 
antenna comprising a plurality of individual dielectric resonator antennas, each 

10 including a grounded substrate, a dielectric resonator element having side faces and 
disposed on the grounded substrate and a feeding mechanism for transferring energy 
into and from the dielectric resonator element, characterised in that the dielectric 
resonator elements are arranged such that at least one side face of each dielectric 
resonator element is adjacent to at least one side face of a nei^bouring dielectric 

1 S resonator element 

Advantageously, the compound dielectric resonator anten n a further includes 
electronic circuitry provided to activate the dielectric resonator elements in^vidually 
or in combination so as to produce at least one incrementally or coiitinuously 
20 steerable beam, which may be steered through a predetermined angle. 

It is preferred that the adjacent side feces are substantially contiguous, in that they 
contact each other. Alternatively, small gaps may be present between the adjacent 
side faces. 

25 

Advantagtously, the adjacent side faces of at least one pair of neighbouring dielectric 
resonator elements are separated by an electrically conductive wall which contacts 
both adjacent side feces. Preferably, all adjacent side walls are separated by an 
electrically conductive wall. 

30 

The present invention seeks to provide an anteima having several elements, each of 
which is a segmented DRA, These elements may be excited simultaneously in order 
to provide steerable receive and transmit beams, radio direction finding capabilities, 
intelligent (or *smart*) anterma c£q>abilities, low radiation backlobes and narrower 
35 radiation main lobes. The present invention also seeks to provide a significant 
further reduction in the backlobes by using extensions to the conducting walls ftat 
define the sides or edges of the DRA el«nerits. Low backlobes are of particular 
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importance to the plication of these antennas to mobfle telephones. Furfliennore, 
an original geometiy for the dements is proposed. 

Id s<Mne embodiments, a 90 degree sector of a cylindrical or annular DRA is 
resonated in its fundamental HEM218 mode, but there are several other resonant 

mod^ that m^ be used with this and with other geometries. An example of another 
combuiatioii is a 60 d^ree sector and its associated fundamental HEM318 mode. 

The pretod HEM115, HEM2I8 and HEM315 modes are hybrid electromagnetic 
resonance modes, radiating like a horizontal magnetic dipole, which give rise to a 
vertically polarised radiation pattern with a cosme or figure-of-eight shaped pattern. 



It has been noted by the present applicants that the results described in the above 
reference ^ply equally to DRAs operating at any of a wide range of frequencies, for 

15 example from IMH2 to lOO.OOOMHz and even higher for optical DRAs. The higher 
the frequency In question, the smaUer the size of the DRA. biit the general beam 
patterns achieved by the probe/^erture and segment combination geometries 
described hereinafter remain generally the same throughout any given frequency 
range. Operation at fi:equencies substantiaUy below IMHz is also possible, using 

20 dielectric materials witii a high dielectric constant 

Advantageously, the antenna and antenna system of the present mvention are adapted 
to produce at least one incremeatally or conthnKiusty steerable beam, which may be 
stened through a complete 360 degree circle. 
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Advantageously, there is additionally or alternatively provided electronic circuitry to 
combme the. feeds to form sum and difference patterns to permit radio direction 
finding c^abili^ of to 360 degrees. 

ITie electronic orcuitry may additionally or alternatively be adapted to combme the 
feeds to form ampUtude and/or phase comparison radio dirwStion findmg capability 
of up to 360 degrees. 



In a first preferred embodiment, radio dnection finding and beamframing cqjability 
35 is a complete 360 degree circle, with the individual DRA elements being arranged in 
a generally ciicular configuration about a longfturiinal axis witii each element being 
flanked by two neighbouring elements. It is to be understood tiiat tiie elements need 
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not be sh^ed so as to have cross-sections which fonn sectors of a circle. Instead, the 
elements may have generally triangular or trap&zoidal cross-sections, the main 
consideration being that the elements are sh^d so as to fit together about a 
longitudmal axis with each elemmt being flanked by two neighbouring elements, 

5 

In a second preferred embodiment, radio direction finding and beaxziformii^ 
c^ability is less than a complete circle using an array of elements disposed about a 
longitudinal axis which thanselves amount to less than a circle, with all except the 
first arid last elements of the array being flanked by two neighbouring elements. 

10 

In both first and second embodimente, it is preferred that all the elements making up 
the DRA have the same cross-section. This means that each element will behave in a 
similar manner to the others when ©ccited, notwithstanding dkectional effects due to 
the relative orientations of the el^ents. 

15 

One method of electronically steering an antenna pattern is to have a numbar of 
existing beams and to switch between them. An alternative method is to combine 
them so as to achieve the desired beam direction. With DRAs, the anteima patterns 
are essentially cosine shaped and adding together two cosmes slightly displaced in 
20 angle gives a third cosine pattern half way between the two. In this way, beam 
steering and direction finding may be achieved by combming fixed antenna patterns. 

The advant^e of dffection finding is that the direction of a base station can be found 
(by a mobile phone for example) and the advantage of beam steering is that a beam 

25 can then be formed in the direction of the base station. These advantages combine to 
improve the transfer of pow^ between a mobile phone and base station, thereby 
increasing communication quality and conserving battay . life, and yet, 
simtaitaneously, reducing the transfer of power into the body of the person usiiig the 
phone. An important finding by the present applicant is tiiat a single element drivra 

30 alone does not generally have a backlobe as small as, say, two elements driven 
simultaneously. The simultaneous use of at Idast two elements can confer a 
significant advantage in this respect. 

An advantage of the geometry of the second preferred embodiment above and similar 
35 geometries, v^rein the elements are not arranged in a complete circle, is that the 
backlobe generated by the anteima which irradiates nearby objects (such as the 
human head vfbea using mobile phones) can, with some geometrical arraz^CTiients, 
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be kept veiy low thereby much reducing the irradiation and resulting in inqjroved 
safety, 

A fbrfliCT advantage of the geometry of the second preferred embodiment and similar 
5 geometries, is that the main lobe generated by ihe antenna can be narrower when two 
elements are excited togedi^ than for eiflier element separately. 

A further reduction in the backlobe of a segmented DRA can be obtained by 
providing extensions to the conducting walls that define the edges of each element. 
10 Such devices can be simply planar extensions of the conducting walls, but they may 
also be curled, or deformed in other ways, so as to impede the electromagnetic wave 
tiying to creep round the edge of the wall and so create (or contribute to) Ae 
backlobe of the anteraia. This has been demonstrated by flie pesent applicant usmg a 
half-cylinder DRA resonating at 58MHz- 

15 

In a further embodiment of the present inverition, there may additionally be provided 
at least one internal or external monopole antenna or any other antenna possessing a 
circularly symmetric pattern about a longitudiiial axis, which is combmed with at 
least one of the dielectric resonator antenna elements so as to cancel out backlobe 
20 fields or to resolve any jfront-to-back ambiguity vrfiich may occur with a dielectric 
resonator antenna having a cosine or figure-of-eight radiation pattern. The monopole 
or other circularly symmetrical antenna may be coatrally disposed within the 
dielectric resonator element or may be mounted thereupon or therebelow and is 
activatable by the electronic circuitry. In embodiments including an annular 
25 resonator with a hollow centre, the monopole or other circularly symmetrical antenna 
m^ be located within the hollow centre. A "^virtual" monopole or other cncularly 
symmetrical antenna may also be formed by an electrical or algorithmic combination 
of any of Ae actual feeds, preferably a symmetrical set of feeds. 

30 With all the segment geometries described above, the feeds may take the form of 
conductive probes which are contamed within or placed against the dielectric 
resonator elements, or a combination thereof, or may comprise aperture feeds 
provided in the grounded substrate* Aperture feeds are discontinuities (generally 
rectangular in shape) in tiie grounded substrate undemeafli the dielectric material and 

35 are generally excited by passing a microstrip transmission Ime beneath them. TTie 
microstrip transmission line is usually printed on the underside of the siibstrate. 
Where the feeds take the form of probes, these may be generally elongate in form. 
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Examples of useful probes include Ain cylindrical wires which are generally parallel 
to a longitudinal axis of the dielectric resonator. Other probe shapes that might be 
used (and have been tested) include fat cylinders, non-circular cross sections, tfiin 
generally vertical plates and even thin generally vertical wires with conducting "hats" 
5 on top (like toadstools). Probes may also comprise metallised strips placed within or 
against the dielectric, or a combination thereof. In general, any conducting element 
within or against the dielectric resonator, or a combination Aereof, will excite 
resonance if positioned, sized and fed correctly. The difBsrent probe shapes give rise 
to differait bandwidths of resonance and may be disposed in various positions and 

10 orientations (at diflferent distances along a radius ftom the centre and at different 
angles from the centre, as viewed from above) within or against the dielectric 
resonator or a combination thereof, so as to suit particular circumstances. 
Furthermore, there may be provided probes within or against the cUelectric resonator, 
or a combination thereof, which are not connected to the electronic circuitry but 

15 instead take a passive role in influencing the transmit/receive characteristics of the 
dynamic resonator antenna, for example, by way of induction. 

The dielectric resonator elements may be segments of a cylinder, having substantially 
radial conducting walls advantageously disposed generally parallel to the longitudinal 
20 axis. 

Alternatively, the dielectric resonator elanents may be of a generally trapezoidal 
cross-sectioii, having conducting walls advantageously disposed generally parallel to 
the longitudinal axis. 

25 

The array of elements may be arranged so as to be with or without a hollow centre. 

The dielectric resonator elements msy have cross-sections other than segments of a 
circle or generally trapezoidal. What is important for achieving the greatest backlobe 
30 reductions is that the array of elements has full or at least partial circular symmetry 
about the longitudinal axis. 

The dielectric resonator ant^ma of the present invention may be operated with a 
plurality of transmitters or receivers, the terms here being used to denote respectively 
35 a device acting as a source of electronic signsds for transmission by way of the 
antenna or a device acting to receive and process electronic signals communicated to 
the antenna by way of electromagnetic radiation. The number of transmitters and/or 
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receivers may or may not be equal to the number of elements being excited. For 
example, a separate transmitter and/or receiver may be connected to each element 
(i.e. one per element), or a single transmittCT and/or receiver to a single element (i.e. a 
single transmitter and/or receiver is switched between elCTients). In a further 
5 example, a single transmitter and/or receiver may be (simultaneously) connected to a 
plurality of elements. By continuously vBrying the feed power between the elements, 
the beam and/or directional sensitivity of fte antenna may be continuously steered. A 
single transmitter and/or receiver may alternatively be connected to several non- 
adjacent elOTients. In yet another example, a single transmitter and/or receiver may 
10 be connected to several adjacent or non-adjacent elenents in order to produce an 
increase in die generated or detected radiation pattern, or to allow the antenna to 
radiate or receive in sev»:al directions simultaneously. 

The dielectric resonator elements may be fomoed of any suitable dielectric material, 
15 or a combination of different dielectric materials, having an overall positive dielectric 
constant k. In preferred embodiments, k is at least 1 0 and may be at least 50 or even 
at least 100. k may even be very lai^e, e.g. greater tlian 1000, although available 
dielectric materials tend to limit such use to low frequencies. The dielectric material 
may include materials in liquid, solid or gaseous states, or any intennediate state. 
20 The dielectric material could be of lower dielectric constant than a surrounding 
material in which h is embedded. 

By seeking to provide a dielectric resonator antrum capable of generating multiple 
beams, which can be selected separately or fomied simultaneously and combined in 
25 different ways at will, embodiments of the present invention may provide the 
following advantages: 

i) By choosing to drive different elements of a multi-element DRA^ the antenna 
can be made to transmit or receive in one of a number of preselected directions (in 

30 azimuth, for example). By sequentially switching round the elements, the beam 
pattern can be made to rotate incrementally in angle. Such beam-steering has 
obvious applications for radio communications, radar and navigation systems. 

ii) By combining two or more beams together, Le. exciting two or more elements 
35 simultaneously, beams can be formed in any arbitraiy a^uth direction, thus giving 

more precise control over the beamfomiing process. 
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iii) By electronically continuously varying the power division/combination 
between two beams, the resultant combination beam direction can be steered 
continuously. 

5 iv) On receive only, &e direction of arrival of an incoming radio signal can be 
found by comparing the amplitude of the signal on two or more beams, or by carrying 
out monopulse processing of the signal received on two beams. "Monopulse 
processing" refers to the process of forming sum and difference patterns from two 
beams so as to determine the direction of arrival of a signal from a distant mdio 
10 source. 

v) In a typical two-way conomunication system (such as a mobile telephone 
system) signals are received (by a handset) from a point radio source (such as a base 
station) and transmitted back to that source. Embodiments of the present invmtion 

15 may be used to find the direction of the source using iii) or iv) above and may then 
form an optimal beam in that direction using ii). An antenna capable of performing 
this type of operation is said to have as a "smart" or "intelligent" capabilities. The 
advantages of the improved antenna gain offered by smart antennas is that the signal- 
to-noise ratio is improved, communications quality is improved, less transmitter 

20 power may be used (^ch can» for example, help to reduce irradiation of any nearby 
human body) and battery life is conserved. 

vi) BeamstCCTing and smart antenna technology may also be used to steer a sharp 
null in a particular direction to avoid transmitting there or to avoid receiving 

25 interfering signals from that direction. 

For a better imderstanding of the present invention and to show how it may be carried 
into effect, reference shall now be made by way of exanq)le to the accompanying 
drawings, in ^^ich: 

30 . 

FIGURE 1 shows a first embodiment of the present invention comprising a DRA 
constructed from six 60 degree sections of a cylinder; 

FIGURE 2 shows a second embodiment of the present invention comprising a DRA 
35 constructed from three 60 degree trapezoidal elements. 

FIGURE 3 shows the resonance characteristics for the DRA of Figure 2; 
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FIGURE 4 shows the radiation patterns generated by the DRA of Figure 2; 

FIGURE 5 shoiTO a third embodiment of the present invention comprising a DRA 
5 constructed from two 45 degree quadrants of a cylinder; 

FIGURE 6 shows the radiation patterns generated by the DRA of Figure 5 ; 

FIGURES 7 and 8 show a semi-cylindrical DRA provided with a conducting wall 
1 0 both without and with extensions; 

FIGURES 9 and 1 0 show the radiation patterns generated by the DRA of Figure 8; 

and: 

15 FIGURES 12, 13, 14 and 15 show the radiation patterns generated by the DRA of 
Figures. 

Figure 1 is a plan view of a multi-segmented DRA 1 fomied of six dielectric 
resonator elements 2 shaped as 60 degree sectors of a cylinder and arranged in 

20 circular symmetry on a grounded base plane 3. Side faces 4 of the elements 2 are 
separated by conducting walls 5 made out of a metal. An elongate probe 6 is located 
in each element, the elongate probes 6 being generally parallel with a longitudinal 
axis of the DRA 1, as are the conducting wails 5. One or several probes 6 may be 
driven simultaneously to achieve direction finding (a receive-only function), 

25 beamsteering (on receive and/or transmit) and "smart" antenna properties. 

Figure 2 is a plan view of a multi-segmented DRA 1 1 fonned of three dielectric 
resonator elemmts 12a, 12b and 12c shaped as elements with 60 degree trapezoidal 
cross-sections and arranged in partial circular symmetry on a grounded base plane 13. 

30 Side faces 14 of the elements 12a, 12b and 12c are separated by conducting walls 15 
made out of a metal. An elongate probe 16 is located in each element, the elongate 
probes 16 being generally parallel with a longitudinal axis of flie DRA 1 1, as are the 
conducting walls 15, One or several probes fife may be driven simultaneously to 
achieve direction finding (a receive-only iunctiGn), beamsteering (on receive and/or 

35 transmit) and "smart** antenna properties. Because the array of elements 12a, 12b 
' and 12c forming the DRA 11 of Figure 2 is less than a complete circle, radio 
direction finding aind beanifonning capability is corre^ndingly less 
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CLAIMS; 

1. A compound dielectric resonator antenna comprising a plurality of individual 
dielectric resonator antennas, each including a grounded substrate^ a dielectric 

5 resonator element having side faces and disposed on the grounded substrate and a 
feeding mechanism for transferring energy into and from the dielectric resonator 
element, cl^iracterised in that the dielectric resonator elements are arranged such that 
at least one side &uct of each dielectric resonator element is adjacent to at least one 
side face of a neighbouring dielectric resonator element 

10 

2. An antenna as claimed in claim 1, fiirtfaer including electronic circuitry 
provided to activate the dielectric resoimtor elements individually or in combination 
so as to produce at least one incr^entally or continuously steerable beam, vAdch 
may be steered throu^ a predetermined angle. 

15 

3. An antenna as claimed in claim 1 or 2, wherein the adjacent side faces of at 
least one pair of neighbouring elements are sepsu^ted by an electrically conductive 
wall which contacts both side faces. 

20 4. An antenm as claimed in claim 3, wherein all the side faces are provided with 
an electrically conductive wall. 

5. An antenna as claimed in any preceding claim, wherein the elements are 
arranged in a generally circular configuration about a central longitudinal axis such 

25 that each element is flanked by two neighbouring elements. 

6. An antenna as claimed in any one of claims 1 to S, wherein the elements are 
arranged in a partial generally circular configuration about a longitudinal axis, with 
all except a first and a last element being flanked by two neighbouring elements. 

30 

7. An antenna as claimed in any preceding claim, wherein tiie elements have 
cross-sections shaped as sectors of a circle. 

8. An antenna as claimed in any one of claims 1 to 6, wherein the elements have 
35 triangular cross-sections. 

9. An antenna as claimed in any one of claims 1 to 6, wherein the elements have 
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generally tr^zoidal cross-sections. 

10. An antezma as claimed in any preceding claim, wherein all of the elements 
have the same cross-section. 

11. An antenna as claimed in claim 3 or any one of claims 4 to 10 ultimately 
depending from claim 3, wherein at least one conductive wall extends beyond the 
side feces of the clients in a generally radial direction from the longitudinal axis. 

12. An antenna as claimed in claim 2 or any one of claims 3 to 11 ultimately 
depending from claim 2, wherein the steerable beam may be steered through a 
complete 360 degree circle. 

13. An antenna as claimed in claim 2 or any one of claims 3 to 12 ultimately 
depending from claim 2, further including electronic circuitry to combine the feeding 
mechanisms of multiple elements so as to form sum and difference patterns to permit 
radio direction finding capability of up to 360 degrees. 

14. An antenna as claimed in claim 2 or any one of claims 3 to 13 ultimately 
depending fix)m claim 2, further including electronic circuitry to combine the feeding 
mechanisms of multiple elements to fomi an amplitude and/or phase comparison 
radio direction finding capability of iq> to 360 degrees. 

15. An antenna as claimed in any one of claims 1 to 14, wherein the feeding 
mechanisms takes the form of conductive probes which are contained within or 
against the dielectric resonator elements, or a combination tb^^of. 

16« An ant^ma as claimed in any one of claims 1 to 14» wherein the feeding 
mechanisms take the form of apertures provided in the groimded substrate. 

17. An antenna as claimed in claim 16, wherein the apertures are formed as 
discontinuities in the groimded substmte underneath the dielectric resonator 
clients. 

18. An antenna as claimed in claim 17, wherein the apertures are generally 
rectangular in shape. 
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Amendments to the claims have been filed as follows 

L A compoxind dielectric resonator antenna comprising a plurality of individual 
dielectric resonator antennas, each including a grounded substrate, a dielectric 
5 resonator element having side feces and disposed on flie grounded substrate and a 
feeding mechanism for transferring energy into and from the dielectric resonator 
element, characterised in that the dielectric resonator elements are arranged such that 
at least one side face of each dielectric resonator element is adjacent to at least one 
side fece of a neighbouring dielectric resonator element and in that the antenna 
10 further includes electronic circuitry provided to activate the dielectric resonator 
elements individually or in combination so as to produce at least one incrementally or 
continuously steerable beam, which may be steered through a predetermined ai^e, 

2. An antenna as claimed in clann 1, wherein a gap is provided between at least 
1 5 two of the adjacent side faces. 

3. An antenna as claimed in claim 1 or 2, wherein the adjacent side faces of at 
least one pair of neighbouring elements are separated by an electrically conductive 
wall which contacts both side faces. 

20 

4. An antenna as claimed m claim 3, wherein all the side faces are provided with 
an electrically conductive wall. 

5. An antenna as clauned in any preceding claim, v^erem the elements are 
25 arrai^ed m a generally circular configuration about a central longitudinal axis such 

that each element is flanked by two neighbouring elements. 

6. An antenna as claimed in any one of claims 1 to 5, wherein the elements are 
arranged in a partial generally circular configurarion about a longitudmal axis, with 

30 all except a &st and a last element bemg flanked by two nei^bouring elements. 

7. An antenna as claimed in any precedix^ claim, wherein the elements have 
cross-sections sh^>ed as sectors of a circle. 

35 8. An antenna as claimed in any one of claims 1 to 6, wherein the elements have 
triangular cross-sections. 



9. An antenna as claimed in any one of claims 1 to 6, herein the elements have 
generally tr^ezoidal cross-sections. 



10. An antmna as claimed in any preceding claim, wherein all of the elements 
have the same cross-section. 

11. An antenna as claimed in claim 3 or any one of claims 4 to 10 ultimately 
depending from claim 3, viiierein at least one conductive wall extends beyond the 
side faces of the elements in a generally radial direction from the longitudinal axis. 

12. An antenna as claimed in claim 2 or any one of claims 3 to 11 ultimately 
depending from claim 2, wherein the steerable beam may be steered tiirough a 
complete 360 degree circle. 

13. An antenna as claimed in claim 2 or any one of claims 3 to 12 ultimately 
depending from claim 2, further including electronic circuitry to combine the feeding 
mechanisms of multiple elements so as to form sum and difference patterns to pemiit 
radio direction finding capability of up to 360 degrees. 

14. An antenna as claimed in claim 2 or any one of claims 3 to 13 ultimately 
d^ending from claim 2, fordio: including electronic circuitry to combine the feeding 
mechanisms of multiple elements to form an amplitude and/or phase comparison 
radio direction finding capabihty of up to 360 degrees. 

15. Ad antenna as claimed in any one of claims 1 to 14, wherein the feeding 
mechanisms takes the form of conductive probes which are contained within or 
against the dielectric resonator elements, or a combination diereof 

16. An antenna as claimed in any one of claims 1 to 14, v^erein the feeding 
mechanisms take the form of q)ertm^ provided in the grounded substrate. 

17. An anterma as claimed in claim 16, wherein the apertures are formed as 
discontinuities in the grounded substrate imdemeath the dielectric resonator 
elements. 

18. _ An antenna as claimed in claim 17, wherein the apertures ore generally 
rectangular in shape. 




19. An antenna as claimed in claim 16, wherein a microstrip transmission line is 
located beneath each aperture to be excited. 

S 20. An antenna as claimed in claim 19, ^\4ieiein the microstrip transmission line 
is printed on a side of the substrate remote from the dielectric resonator elements. 

21. An antenna as claimed in claim 15, wherein a predetermined number of the 
probes within or against the dielectric resonator elements, or a combination thereof, 

10 are not coimected to the electronic circuitry. 

22. An antenna as claimed in claim 21, wherein the probes are unterminated 
(open circuit). 

15 23. An antenna as claimed in claim 21, wherein the probes are terminated by a 
load of any impedance, including a short circuit 

24. An antenna as claimed in any preceding claim, wherein the dielectric 
resonator elements are formed of a dielectric material having a dielectric constant k > 

20 10. 

25. An anterma as claimed in any one of claims 1 to 23, wherein the dielectric 
resonator elements are formed of a dielectric material having a dielectric constant k > 
50. 

25 

26. An anteima as claimed in any one of claims 1 to 23, wherein the dielectric 
resonator elements are fonned of a dielectric material having a dielectric constant k > 
100. 

27. An antenna as claimed in any preceding claim^ wherein the dielectric 
resonator elements are formed from a liquid or gel material. 

28. An antenna as claimed in any one of claims 1 to 26, wherein the dielectric 
resonator elements are formed from a solid material. 

29. An antenna as claimed in any one of claims 1 to 26, wherein the dielectric 
resonator elements are formed from a gaseous material. 



30» An antenna as claimed in claim 2 or any one of claims 3 to 29 ultimately 
depending from claim 2, wherein a single transmitter or receiver is connected to a 
plurality of elements. 



31. An antenna as claimed in claim 2 or any one of claims 3 to 29 ultimately 
depending from claim 2, v%4ierein a plurality of transmitters or receivers are 
individually connected to a corresponding plurality of elements.: 

32. An antenna as claimed in claim 2 or any one of claims 3 to 29 ultimately 
depending &om claim 2, v/herein a single transmitter or receive is connected to a 
plurality of non-adjacent elements. 

33. A compoimd dielectric resonator antenna substantially as hereinbefoie 
described with reference to Figures 1 to 6 of the accompanying drawings. 
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